High density residential development in metropolitan Melbourne, where contradictory imperatives of neighbourhood character and urban intensification play important roles, remains an uncertain practice. One key issue for plan implementation is the lack of consistency between authorities, developers and the community in interpreting the standards, design guidelines, and state/local strategies, especially those relating to neighbourhood character. There is currently no mechanism to incorporate community perceptions and place experiences as subjective aspects of neighbourhood character in development assessments. There is also little use of micro-scale and multi-dimensional spatial analysis to integrate these subjective aspects with objective measures (e.g. building volume and height; streetscape) to communicate effectively-and in a limited timeframe-with all stakeholders. This paper explores the potential of two emerging geospatial technologies that can be leveraged to respond to these problems. Evidence in the literature suggests that volunteered geographic information (VGI) can provide community input around subjective aspects of the urban environment. In addition, a deluge of three-dimensional (3D) spatial information (e.g. 3D city models) is increasingly available for micro-level (building-or property-level) assessment of the physical aspects of the urban environment. This paper formulates and discusses a conceptual framework to link these two spatial technological advancements in a virtual geographic environment (VGE) that accounts for micro-scale 3D spatial analysis incorporating both subjective and objective aspects of neighbourhood character relevant in implementing compact city strategies.
Introduction
Planning is often emotionally and politically charged. This is nowhere more evident than in the push towards compact cities, where policy imperatives supporting urban intensification often conflicts with community desire to retain neighbourhood character and preserve a sense of identity (Davison, 2011) . The neighbourhood is often a battleground, where community perceptions and desires around neighbourhood character drive opposition to development. This "NIMBY" (Not In My Backyard) attitude has both rational and emotional aspects and is common in confrontations between municipal governments, developers and communities (Gilmour, 2012) .
Despite its significance in planning, it remains difficult to categorically define neighbourhood character because it is individually experienced, socially variable, and changes over time (Dovey & Woodcock, 2011) . These attributes make it challenging to define appropriate indices that can be used in urban analytics to assess neighbourhood character to inform urban planning. There are also consequences for effective communication and engagement with the publicWoodcock, Dovey and Davison (2012) found that public opinion around development is often built on an unclear understanding of the nature and reality of development impacts.
In Australia, urban intensification has become a planning priority, particularly in metropolitan Melbourne which is the country's fastest growing city and projected to be its largest by 2030 (Victoria Government, 2014 . Urban intensification seeks to cluster higher density housing around activity centres to leverage existing facilities and infrastructure: agglomerating effects are expected to attract more services, employment and facilities. The state planning system, which takes into consideration physical, social and economic aspects of the urban environment, has formalised neighbour character as a primary criterion in urban residential development. However, there is a tendency for municipal governments to implement this concept locally using objective (measurable, visible, tangible)-albeit at times simplistic-indicators such as style of construction, roof types, driveways, fencing, spatial patterns, height limits, etc.
These do not fully capture the essence of neighbourhood character. Conflicting perceptions around what constitutes 'character' and poor definition of those aspects of character under threat continue to be a central theme in community opposition to residential development aimed at urban intensification (Schwartz, Dodd, & Haley, 2014) . In part, it is believed that the strength of emotion in such opposition stems from a general lack of tradition in higher density living in Australia and the desire to preserve the suburban norm of a "quarter acre block". The lack of clarity and consistency around neighbourhood character is further evident when parties pursue adjudication in the Victorian Civil and Administrative Tribunal (VCAT): it has been shown that the Tribunal tends to interpret planning schemes in an altogether different way than the council intended (Victorian Planning Reports, 2013) .
Two clear issues emerge. Firstly, the prevalence of objective indicators in defining neighbourhood character ignores subjective (not measurable, not visible and not tangible) aspects of the urban environment such as sense of place and neighbourhood identity (de Jong, Fuller, & Gray, 2013) . This limits the ability of planners and developers to fully consider the interaction between objective and subjective aspects in asserting neighbourhood character. Secondly, guidelines for higher density urban residential development require not only more information about the subjective aspects of the urban environment, but also greater integration of both objective and subjective elements. The ongoing frequency of opposition provides evidence that interpretation and application of urban residential development requirements still does not adequately reflect community perceptions of neighbourhood character (Dovey, Woodcock, & Wood, 2009a) . In addition, a lack of consistency in interpretation between authorities, developers and the community further underscores the need to improve information inputs into development assessment to achieve broader priorities in urban intensification.
In response, this paper explores the potential of two emerging geospatial technologies that can be leveraged to respond to the problematic representation and evaluation of neighbourhood character in the context of higher-density development in Victoria. Evidence in the literature suggests that volunteered geographic information (VGI) can provide community input around subjective aspects of the urban environment . In addition, a deluge of three-dimensional (3D) spatial information (e.g. 3D city models and Building Information Models) is being increasingly utilised for micro-level (buildingor property-level) assessment of physical aspects of urban environment such as shadow casting (Rafiee, Dias, Fruijtier, & Scholten, 2014) , sky view factor analysis (Chen et al., 2012) , and noise management (Herman & Rezník, 2013) . 3D models can also deliver better representation and communication of real world features in an interactive virtual environment for clearer understanding of proposals by the community (Lin et al., 2013; Smith, Bishop, Williams, & Ford, 2012) . Although a combination of these two inter-linked technologies can potentially satisfy the requirements of plan implementation, there has hitherto been little consideration of a formal mechanism for linking VGI and 3D spatial information in support of sustainable urban intensification.
This paper argues that a new framework that better represents and measure the subjective and objective aspects of neighbourhood character is required, particularly in the case of compact cities that are becoming vertically extended and in which complex physical, functional, and contextual relationships exist. To develop this framework, the paper first provides a background on key issues in plan implementation, specifically in Victoria. The relationship between planning and technology is then reviewed as a precursor to introducing emergent technologies that impact planning. Based on this review of the literature, a conceptual framework to enable a more holistic approach to plan implementation in compact cities that accounts for both objective and subjective aspects of the urban environment is developed. Finally, the paper concludes with a discussion about the potential opportunities and challenges of using this framework in future work.
Background

Neighbourhood Character: Objective vs. Subjective Indicators
Although it receives significant attention within the planning literature, the concept of place identity-or neighbourhood character-remains difficult to define precisely and consistently because it interfaces with planning, politics and social sciences (Hague, 2005) . Relph (1976) emphasised the importance of understanding the significance that places have to people and this, he argued, was based on their identification of, and with, a place. This comprised three components: physical characteristics, experiences local to the setting and meaning derived through people's experiences in the physical setting. This interplay between physical, social and psychological factors as constituting the elemental definition of place character recurs throughout planning literature (e.g. Sepe & Pitt, 2014) and is best illustrated in Montgomery's (1998) (Montgomery, 1998) . Dovey et al. (2009a) described neighbourhood character as a function of urban typology, density and street life. The authors found three key determinants: residents' experience of the place, socio-cultural outcome of urban form, and the formal spatial structure and urban morphology. This view takes into consideration the "multiplicities" and "assemblages" of residents and incorporates both subjectivities (e.g. feeling of the place, experience, socio-cultural flavour) and objectivities (e.g. building and neighbourhood form, physical and environmental aspects, streetscape). However, at times, it can be difficult to make a clear distinction between subjective and objective indicators.
The objective aspects of neighbourhood character are better understood, measured and communicated with local communities by urban practitioners and researchers (Sabri, Pettit, Bishop, & Rajabifard, 2015) . These aspects can be categorised into spatial and functional indicators: building volumes, height, and density are examples of spatial indicators, and land use type, diversity, and accessibility provide functional indicators. Given that these indicators are quantitative and easily measurable (Larco, 2015) , most regulatory guidelines and practical reports by governments use a range of objective indicator to measure the qualitative aspects of neighbourhood character. For instance, the Western Australian Ministry for Planning have developed urban fabric indicators (Porta & Renne, 2005) to ensure the liveability of neighbourhoods. These include land use diversity, street connectivity, number of buildings and number of lots (Table 1) .
Although the physical environment contributes significantly to a sense of place (Stedman, 2003) , social construction and place experience are other factors that need to be taken into consideration. These factors constitute the subjective aspects of neighbourhood character but have been neglected in most regulative guidelines pertaining to neighbourhood character and sustainability of urban design (Ewing, Hajrasouliha, Neckerman, Purciel-Hill, & Greene, 2015; Porta & Renne, 2005; Purciel et al., 2009) .
Subjective indicators include social interactionstheir type and the intensity of these activities through time, e.g. daily, weekly, and monthly (Bonaiuto, Fornara, Ariccio, Cancellieri, & Rahimi, 2015; Kropf, 1996; Walton, Murray, & Thomas, 2008) . Other socially constructed aspects which feature in the literature as subjective indicators include people's interpretation and experience of places including positive and negative views on physical and natural features of neighbourhood (Green, 1999 (Green, , 2010 Jive´n & Larkham, 2003 ) (Table 1). In some cases such indicators contribute significantly to constructing a sense of place independent of physical qualities embodied in the setting (Kyle & Chick, 2007) . In a study of Subiaco city in Western Australia, Davison and Rowden (2012) found that residents gave equal significance to the social and experiential meaning of places as they did to physical form and appearances of streets. These subjective aspects of neighbourhood character are regarded as key factors underlying residents' resistance to urban intensification strategies and projects (Davison & Rowden, 2012; Dovey et al., 2009a; Kyttä, Broberg, Tzoulas, & Snabb, 2013; Vallance, Perkins, & Moore, 2005) .
Studies have shown that the measurement of objective aspects of neighbourhood character, particularly with the application of spatial technologies, is a straightforward process (Ewing et al., 2015) . Subjective aspects however, have tended to be measured indirectly using physical indicators. For instance, suggested "streetscape skeleton" design variables that can be efficiently measured using geospatial information, as the sense of safety and social functionality of urban spaces at the spatial resolution of city blocks. They measured seven skeleton design variables for each streetscape including width, length, height, (2013) cross-sectional proportion, street wall continuity, buildings per length, and tree canopy coverage as an indirect measure of neighbourhood subjective aspects. Other studies have also utilised relatively similar physical indicators for indirect measurement of subjective aspects of neighbourhood character. These include sky exposure (Samuels, 2002, p. 695) , facade continuity (Meehan, 1982, p.438) , softness (e.g. easement gardens indicating transparency and transitional space) (Hunter & Brown, 2012, p. 408) , visual complexity, number of buildings, sedibility (measuring the number of seating opportunities) and detractors (blank walls, traffic signs, large dumpsters) (Porta & Renne, 2005, pp. 5-11) . The reason for not being able to directly measure subjective aspects of neighbourhood character is stated as being the limited sample size used in audit based urban design and community perception measurement . Often not enough is known about the relationship between these indictors-either singly or in combination-and people's subjective responses to them. This potentially explains why regulatory guidelines for neighbourhood character assessment by municipal governments consistently overlook subjective indicators.
The Concept of Neighbourhood Character in Victoria's Planning System
In Victoria, neighbourhood character is a primary concern in planning. The government's definition of neighbourhood character is consistent with the literature to date, mandating that developments consider both objective and subjective elements and their combined relationships. However, their description of neighbourhood character is of very little assistance to planners: "Neighbourhood character is essentially the combination of the public and private realms. Every property, public place or piece of infrastructure makes a contribution, whether great or small. It is the cumulative impact of all these contributions that estab-lishes neighbourhood character. The key to understanding character is being able to describe how the features of an area come together to give that area its own particular character. Breaking up character into discrete features and characteristics misses out on the relationships between these features and characteristics. Understanding how these relationships physically appear on the ground is usually the most important aspect in establishing the character of the area." (Victoria Government, 2015) Lack of clarity continues in the residential design code, ResCode, where neighbourhood character is used as the starting point for assessing all residential development applications, but only applies to developments up to three storeys in height. Guidelines for higher density residential developments, while continuing to refer to neighbourhood character, also demand design responses that integrate physical, social and economic aspects of the urban environment as well as consideration of the strategic prospects of the area. The issue of neighbourhood character is specifically addressed by the Neighbourhood Character Overlay (Victoria Government, 2015, section 43.05), which aims to:
 Identify areas of existing or preferred neighbourhood character;  Ensure that development respects the neighbourhood character;  Prevent, where necessary, the removal of buildings and vegetation before the neighbourhood character features of the site and the new development have been evaluated.
These objectives are then implemented independently by each of the state's 79 local municipal governments, who develop their own Local Planning Policy Framework (including a Municipal Strategic Statement and other local planning policies). Municipal governments must provide a schedule that contains a statement of the key features of neighbourhood character and the neighbourhood character objectives to be achieved in any affected area. However, municipal planners often describe neighbourhood character by referencing physical and functional elements of the urban environment. These include topography, street block length, landscaping and vegetation in the neighbourhood, diversity of housing, building mass and height, architecture and roof styles, street trees, and waterways (Victoria Government, 2015) . These indicators do not describe the subjective aspects of neighbourhood character, such as "sense of place and community meaning". Table 2 provides an example of a neighbourhood character description as developed for the Ringwood Activity Centre. Ringwood has been prioritised by the state government in its vision for achieving growth and has been designated as a Metropolitan Activity Centre-the highest priority centres outside of the CBD. This is an example of urban intensification policies at work. The table shows how neighbourhood character has been defined by physical elements and this conceptualisation is perpetuated by objectives that developers need to meet in proposed designs. In this instance, architectural styling, dwelling type (number of storeys) and design, construction materials, type of landscaping and even location of driveways are all used to identify elements of existing neighbourhood character. This does not change radically in the statement about future character and how this will be achievedstill relying on objective elements like building form and height as neighbourhood character objectives in design and development.
Further support of this bias towards using objective indicators can be seen in Dovey et al. (2009a) . The authors found that despite the emphasis placed on neighbourhood character in planning, Victorian residents' perspectives pertaining to character were reflected only to a limited extent in regulations. Drawing on an intensive range of interviews and evidence (Dovey, Woodcock, & Wood, 2009b) , the authors found that in Melbourne's inner-suburbs, when the term 'character' was raised in urban development debate, the views of stakeholders-the community, developers, politicians, and planners-tended to diverge significantly. Potentially, this could be due to a naïve image of the spatial, social, and economic impacts of urban intensification projects (Woodcock, Dovey, Wollan, & Beyerle, 2010) . It remains unclear how residents' experience of their neighbourhoods can be measured and incorporated by planners and decision makers.
From the literature and contextual examples provided above, it is evident that implementation of planning policies to meet policy imperatives on urban intensification, which also attend to neighbourhood character, requires localised assessment (D'Argent, Beringer, Tapper, & Coutts, 2012; Victoria Government, 2014) . Despite emerging opportunities, planners and developers still depend on paper-based information as a means of engaging with the community, disregarding readily available ICT and spatial technology applications (Houghton, Miller, & Foth, 2014) . Such engagement is also limited by truncated decision-making-in Victoria, public notice periods are determined by municipal authorities although the norm is to advertise for two weeks (Victoria Government, 2014) . Consequently, current planning mechanisms are severely limited in their ability to fully accommodate and consider communities' subjective perceptions of their environment. The basis for engagement and analysis is therefore fundamentally flawed (Woodcock et al., 2010) . 
Leveraging New Geospatial Technologies in Planning
3D Geospatial Information and Spatial Planning Practices
Spatial information and technologies have long underpinned planning activities. In response to the limitations identified in the preceding section, we suggest two recent developments in spatial technology that might be effectively harnessed. 3D spatial information plays an important role in accurate communication of future urban developments. During the last two decades, improvements in geospatial data and infrastructure have offered a robust alternative to 3D architecture models in urban planning and design (Biljecki, Stoter, Ledoux, Zlatanova, & Çöltekin, 2015; . 3D city models have vastly improved and now provide a realistic representations through higher levels of detail, and provide users with greater interactivity as well as the ability to query elements of the models (Zhu et al., 2011) . These advancements have added more value to sustainable information sharing and semantic representation of volumetric urban objects, such as buildings, vegetation objects, waterbodies, and other urban infrastructures (Amirebrahimi, Rajabifard, Mendis, Ngo, & Sabri, 2016; Gröger & Plümer, 2012; Zhu et al., 2011) . Other improvements in 3D geospatial information including standardisation of 3D GIS formats such as City Geography Markup Language (CityGML) (Kolbe, Gröger, & Plümer, 2005) , Building Information Models (Mignard & Nicolle, 2014) , and web 3D visualisation (Herman & Rezník, 2013; Shojaei, Rajabifard, Kalantari, Bishop, & Aien, 2014; Trubka, Glackin, Lade, & Pettit, 2015) have all contributed to improving urban planning and management practices. Some examples include urban heating energy demand forecasting (Strzalka, Bogdahn, Coors, & Eicker, 2011) , urban engineering (Borrmann et al., 2014) , and future urban development scenario assessment (Trubka et al., 2015) .
A recent study by Biljecki et al. (2015) reviewed the applications of 3D city models in non-visualisation and visualisation-based use cases. Different analyses and measurements such as classifying building types, and energy demand estimation are categorised in nonvisualisation use cases. Other visualisation-based analyses and facilities like visibility, estimation of shadow cast, noise pollution, urban skyline, estimating population, and communication of urban information to residents are well evaluated in this comprehensive study. The majority of use cases listed in this study focused on physical and functional measurement of building and urban areas. There are few examples of using 3D city models in a virtual environment to foster urban planning; in particular, measuring the social construction and place experience aspects of the urban environment. This is despite the fact that studies in virtual reality (VR) using 3D graphics have demonstrated the potential of these technologies for measuring subjective aspects such as safety (Toet & van Schaik, 2012 ) and people's behaviour and perceptions (Bishop, 2001; Chen & Bishop, 2011) .
Recent literature on spatial information and urban design has also highlighted the necessity of measuring subjective aspects particularly in urban intensification projects, which include socially sensitive and vertical urban growth ; Kytta, Broberg, Haybatollahi, & Schmidt-Thome, 2015; Schmidt-Thome, Wallin, Laatikainen, Kangasoja, & Kyttä, 2014). The next section explores the possibility of linking 3D city models with VGI and formulates a conceptualisation that fulfils the requirement of the State of Victoria guidelines and standards on higher density residential building development.
Volunteered Geographic Information in Urban Planning
Since Goodchild (2007) first proposed the term "volunteered geographic information" (VGI), it has come to encompass a broad range of citizen-based (or nonspecialists) activities in the collection of information or data with a geographic attribute. This data is typically uploaded and shared using a Web 2.0 platform that, in itself, engenders participation (Kolbitsch & Maurer, 2006) . Core to its conceptualisation is the context in which VGI is used, which is likely to dictate differing priorities in data quality, credibility, role of participant and participant's relationship with formal agencies (e.g. Budhathoki, Nedovic-Budic, & Bruce, 2010; Goodchild, 2007; Elwood, 2008) . Participants' motivation for contributing to VGI is often discussed in the literature, where a dichotomy between intrinsic (individual desire and needs) and extrinsic (external validation or recognition) factors is often upheld (e.g. Leimeister, Huber, Bretschneider, & Krcmar, 2009; Zheng, Zha, & Chua, 2011) . In the context of planning, Seltzer and Mahmoudi (2013) argued that the act of invoking citizen participation creates a distinction from more general crowdsourcing activities: the motivation of the participants has lesser impact in crowdsourcing whereas citizen participation is often associated with solicitation of specific input towards planning strategies and scenarios.
Although there is a tendency in the literature to persist with this distinction between crowdsourcing and VGI (to reflect the degree of active participation in data production by lay persons), in this paper, we adopt Haklay's (2013) proposition that crowdsourcing is a type of VGI. Haklay firstly established citizen science as a type of VGI, and within this, defined geographical citizen science as a specific subset where "the collection of location information is an integral part of the activity" (Haklay, 2013, p. 112) . This, he argued, justifies the applicability of geographical citizen science in areas with a high population density or high levels of activity within the natural environment (since these are areas less likely to be affected by motivation or environmental conditions that impact upon participation). He then proposed a typology of citizen participation for geographical citizen science that is influenced by power differences between stakeholders that are implicit in any social process-of which urban planning is a prime example (Sieber, 2006 ). Haklay's spectrum ranged from 'crowdsourcing' (lowest level of participation) to 'extreme citizen science' (highest level of participation in which citizens are integrated with experts in problem definition, data collection and analysis) with levels of participation increasing in line with cognitive engagement, degree of integration among participants and consequently knowledge production.
Therefore, the use of VGI, echoing earlier discourses around participatory GIS (e.g. Elwood & Leitner, 2003; Weiner, Harris, & Craig, 2002) , is frequently held up as a similar enabler of democratic participation in formal decision-making. We see this reflected in a range of participatory planning activities. Adams (2013) argued that VGI could be integrated with planning processes by facilitating more open channels for receiving public input. Engaging more people will lead to the provision of more useable data that is more representative of stakeholder interests, and extend spatial data resources beyond the limitations imposed by the organisational mandates of formal data producers. Brabham (2009) found that crowdsourcing public participation in planning processes appear undifferentiated from other types of participatory GIS activities up to the point where the crowd becomes engaged in the evaluation and validating of proposed solutions. In addition, there is evidence that there is growing interest from the public in engaging with planning through social media platforms (Evans-Cowley & Hollander, 2010) . Indeed, Foth, Odendaal and Hearn (2007) found that participatory aspects of such platforms provided myriad opportunities for what they termed "urban epistemologies" about the urban environment to emerge.
The fact that VGI inherently has spatial attributes gives it a high degree of applicability for use in urban planning. Predicated on the concept of citizens-assensors (Goodchild, 2007) and with technological advances, VGI has progressively become more comprehensive and detailed, leading to increasing adoption of this data type in urban applications (Song & Sun, 2010) . In addition, VGI has also been evolving to include more 3D forms of data (Goetz & Zipf, 2013) . In the context of this paper, this evolution is important in terms of public engagement and participation since 3D VGI can be used to support the construction of 3D city models (Goetz & Zipf, 2013 ) which more accurately reflect our reality and invite greater identification from the public with proposed developments (Foth et al., 2009 ). This, Jiang (2013) argued, demonstrates the value of VGI in spatial analytics and computation.
There are numerous instances of 2D and 3D applications of VGI in planning in the literature. Earlier applications include CommunityViz, a GIS-based planning support system that combines 2D ArcView and 3D town building software (Foth et al., 2009 ). More recently, Goetz and Zipf (2013) used 3D Open Street Map data to construct 3D city models that can be used for planning purposes. In Slovenia, VGI applications are being used to improve urban cycling conditions and public spaces (Nikšič et al., 2014) . In her review of 100 mobile planning apps, Ertiö (2013) found many that dealt with urban infrastructure and urban governance. Knudsen and Kahila (2012) found VGI (GPS tracking using smartphones) being applied in Denmark to understand how young people used neighbourhood infrastructure, but also to capture residents' perspectives on the neighbourhood as input into a new master plan. In another study in Finland, the authors also found VGI used to better understand aspects of the urban environment that support social sustainability. Similar applications of VGI to discern or create understanding around the more subjective aspects of spatial planning include "Place, I Care!" (PIC!) (Campagna, Floris, Massa, Girsheva, & Ivanov, 2015) Nonetheless, there are disadvantages to using VGI in planning. Partly, this comes back to the issue of participant motivation, which in the context of planning, likely requires willingness to be coincident on two fronts: to contribute to the production of VGI, and to contribute to the planning process (Obermeyer, 2007) . However, given Haklay's typology raised above, this argument may be diluted by the fact that crowdsourced data could still be leveraged as a passive input into planning processes. Rydin (2010) also questioned the effectiveness of VGI as a participatory mechanism in planning if engagement is not sustained and relies instead on ephemeral sources of input. Aitamurto, Leiponen and Tee (2011) found that the benefit of VGI can be diluted if the problem presented to the crowd is poorly defined, and subsequently, if feedback to improve the fitness of the proposed (VGI-derived) solutions is not given. However, Seltzer and Mahmoudi (2013) argued that posing a well-defined problem to the crowd may well be difficult to execute in planning since the very nature of public participation in planning is to use the public to better identify and define planning goals. In addition, the use of VGI in planning has tended to be framed around applications in strategic planning (Elmadhoun Ahmed, 2010) or urban governance (Ertiö, 2015) ; there are limited examples of the use of VGI in plan implementation itself.
A Conceptual Model to Support an Integrated Approach to Planning
To develop a response to the gaps highlighted in existing urban intensification practices in Melbourne, particularly in the plan implementation phase, this section maps the links between VGI, 3D spatial information, and subjective-objective measurement of neighbourhood character. We propose a model enabled by spatial technology that is able to facilitate micro-level analysis. By using semantic and geo-referenced data, the model can potentially enable integration of different types of data to support more effective understanding of community perceptions around current and future neighbourhood character. The model is also likely to produce outcomes that can be analysed and communicated with stakeholders to better support plan implementation.
We further propose that this integrated approach be implemented in a new generation of geographic analysis tool: Virtual Geographic Environments (VGEs) (Lin et al., 2013) . VGEs focus on three functionalities: multi-dimensional visualisation, dynamic phenomenon simulation, and public participation-all of which are in line with plan implementation requirements in Melbourne. The ability of VGEs to facilitate model sharing and multi-model integration (Zhang, Chen, Li, Fang, & Lin, 2016) offers an opportunity for integrating physical-social analysis for urban planning and design purposes; further, VGEs can act as a workspace for multistakeholder-based collaborative planning experiments.
From a technical perspective, the advantages of utilising VGEs to support an integrated modelling and analytical paradigm for urban planners and other stakeholders can be further augmented through the use of other web-based systems. Examples include: semantic integration techniques (e.g. ontology-based spatial urban data development, ontology for planning and design), and developing application programming interfaces (APIs) for data discovery and urban analytical tools and services (Psyllidis, Bozzon, Bocconi, & Titos Bolivar, 2015) . As such, a web ontology browser (WOB) and a web-based user interface can be developed to support discovery, modelling, visualisation and analysis of heterogeneous urban data types (e.g. transport, vegetation, housing, energy) for different stakeholders. Through these mechanisms, compatibility and interoperability issues related to different data types, cross-scale analytics, and cross-discipline models can potentially be overcome.
Since a detailed technical explanation of VGEs is not within the scope of this paper, the focus of the rest of this section is on conceptualising the links between spatial information and subjective-objective measurements.
Conceptual Links between 3D Spatial Information and Neighbourhood Character
In the context of this study, micro-level analysis refers to the building envelope, building layout and design, and the streetscape. Design guidelines for higher density residential development in Victoria place significant emphasis on the physical and functional aspects of developments. Physical aspects include interior and exterior building elements such as private and public spaces and landscape design (Figure 2) , energy efficiency, the space and layout of car parking, building frontages, and the relationship between street pattern and the size of the building blocks (Department of Sustainability and Environment, 2004) . Functional aspects range from promotion of a focus on public transport to greater mix of land uses, while increasing the number of residents.Similar to these guidelines, development standards for medium density developments (up to three storeys), ResCode, are also focused on the microevaluation of building development. Overshadowing, overlooking, daylight to existing and new windows are some examples of ResCode standards.
While the application of 3D visualisation and some physical analysis such as overshadowing have been utilised in some development proposals, particularly in Melbourne's CBD (Hassett, 2014) , the advantages of using multi-dimensional spatial information are not fully exploited in planning and design practice. Figure 3 shows the potential application areas of current 3D spatial information, models and analyses in a VGE in response to the physical and functional requirements of medium-rise and high-rise residential development in Melbourne. In addition, the components of analysis and visualisation exhibited in Figure 3 explicitly cover micro-scale spatial analysis and application of 3D spatial technology in the plan implementation phase. 
Conceptual Links between VGI and Neighbourhood Character
There are two concerns in Victoria's planning system that might hinder an effective incorporation of dynamic community perceptions as the subjective aspect of neighbourhood character in plan implementation. First, the Planning and Environment 1987 Act currently dictates a two-week timeframe for allowing residents to lodge potential objections to development proposals. This process is currently mainly paper-based and has not been framed to leverage digital infrastructures for more effective communication.
Secondly, while state and local governments do communicate with the public to receive input for neighbourhood character studies and to develop guidelines for high rise residential buildings for the purposes of the strategic planning process, this is a one-off process and the community's changing preferences-often a corollary of the transformation of the socio-cultural profile of a neighbourhood-are overlooked. As such, the role of VGI, including 3DVGI, is crucial to provide not only a source of input to measure subjective aspects, but importantly to provide a data source that is sufficiently dynamic to accurately reflect changes within the community. Hence, VGI should be incorporated into a virtual geographic environment to address these issues within the planning and development framework (Figure 4 ).
Conceptual Links between VGI, 3D Spatial Information and Neighbourhood Character
Some subjective and objective measures overlap. For instance, street activities can be both functional and socially constructed. In addition, while landscape elements in a neighbourhood may be objective, their quality is subjective, and can be considered to be a part of place experience as well as being socially constructed. Figure 5 shows the interaction of the various indicators in a framework with 3D visualisation, 3D nonvisual analysis, VGI, and 3DVGI integrated in a virtual geographic environment. Figure 5 is an abstraction of the comprehensive range of subjective and objective measurements, and demonstrates their possible interactions in the virtual geographic environment. This framework indicates how spatial technologies would enhance the assessment of subjective and objective measures; in particular, where there are overlaps. For instance, VGI can help identify both the types of physical circumstances that make people fearful and also where they experience these fears in the existing neighbourhood. At the same time, 3D modelling can show the degree of isolation of houses, areas and people from others in a neighbourhood, which is a complementary indicator for safety in planning. Such a model will also allow people to explore proposed buildings and report areas of security concerns (Toet & van Schaik, 2012) . There are several advantages that this platform can offer within the requirements of statutory planning regulations:
 The VGE can be considered as a shared environment for all stakeholders-planners, developers and communities-to understand the real impact of developments in an evidencebased and data-driven analysis;  Given the limited timeframe stipulated by statutory planning regulations, this environment is able to simulate the impacts of single building developments using ongoing data streams from VGI to foster a more rapid decision-making process;  There is a possibility of generating new analytical methods in this environment by enabling the decision-makers to conduct a holistic analysis. For instance, while shadow analysis is a physical measurement of a building, the socio-behavioural impacts of a shadow cast can also be investigated;  This platform has the ability to indicate the trajectory of neighbourhood character changes from subjective and objective points of view;  Based on the ability to generate and store spatial data, the VGE platform is able to foster plan monitoring and strategic planning phases as well.
This is a conceptual framework that needs a proof of concept and implementation in current organisational systems, using available data in Melbourne. As such, developing such a platform in the state and local government planning systems is the next challenge with several concerns addressed in the next section.
Discussion and Conclusion
The concept of neighbourhood character is one that is entrenched in contemporary planning paradigms and the literature supports an unwavering view that this should constitute physical, social and psychological elements of the lived environment. This however, continues to be weakly translated into planning practices and plan implementation. Objective indicators, reflecting the physical and functional aspects of the urban environment, continue to be the dominant approach to planning assessment and analysis. This is likely due to the relative ease in collecting and measuring performance in these aspects. In recent years, attention has been turning towards the need to understand the types of subjective indicators that can be used to represent measures of neighbourhood character and these tend to cut across socially constructed and experiential aspects. A review of applications in 3D geospatial technologies, digital geographic environments, and the mainstreaming of geographic data collection activities like VGI indicate clear potential for planning applications. In particular, the nature of VGI holds tremendous promise for collecting information relevant to subjective aspects of neighbourhood character, a mechanism also sensitive to temporal shifts in perceptions. However, it is apparent that to maximise the use of VGI, it is essential that planners and developers are able to clearly define all aspects of neighbourhood character. It therefore becomes necessary to have a comprehensive range of indicators.
Using Victoria's development standards and guidelines, this investigation extracted a comprehensive range of micro-level objective and subjective indicators that are important considerations in urban intensification. As indicated in the literature, these indicators resonate in urban redevelopment and intensification projects in other contexts such as Perth, Australia (Davison & Rowden, 2012) and Helsinki, Finland (Kyttä et al., 2013) . We propose a framework that taps into the strengths of 3D spatial information for modelling and analysing objective indicators around physical and functional aspects of the environment. Similarly, VGI (and 3DVGI) is proposed as an appropriate mechanism for collecting information about the socially constructed and experiential aspects of the environment. It is likely that such an integrated approach will promote more effective understanding of communities' perceptions regarding current and future neighbourhood character. The framework is also predicated on a shift from paper-based formats to the use of a virtual geographic environment as a shared platform for communication. Such a dynamic platform for engagement is an effective way to integrate VGI and 3D spatial information. In addition, the nature of digital platforms is such that they can facilitate access more readily to different types of information, which is likely to enable a better quality of public engagement within the constraints of short statutory timeframes.
As this is a conceptual framework, the next step requires implementation of the framework to identify technical and data related issues that might challenge information interoperability, particularly in integrating structured and unstructured data, textual and graphical data, and combining data at different dimensions and scales. Subsequent future research will also need to consider the social implications of embedding this framework within planning and development processes including organisational workflows, regulatory implications and providing a structure to facilitate and normalise community participation through virtual geographic environments. 
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